Effects of cross-fostering within 24h after birth on pre-weaning behaviour, growth performance and survival rate of biological and adopted piglets  by Heim, G. et al.
Contents lists available at SciVerse ScienceDirectLivestock Science
Livestock Science 150 (2012) 121–1271871-14
http://d
n Corr
E-mjournal homepage: www.elsevier.com/locate/livsciEffects of cross-fostering within 24 h after birth on pre-weaning
behaviour, growth performance and survival rate of biological and
adopted pigletsG. Heim a, A.P.G. Mellagi a, T. Bierhals a, L.P. de Souza a, H.C.C. de Fries a, P. Piuco a, E. Seidel a,
M.L. Bernardi b, I. Wentz a, F.P. Bortolozzo a,n
a Universidade Federal do Rio Grande do Sul (UFRGS), Faculdade de Veterina´ria, Setor de Suı´nos, Av. Bento Gonc-alves 9090, CEP 91540-000,
Porto Alegre, RS, Brazil
b UFRGS, Faculdade de Agronomia, Departamento de Zootecnia, Av. Bento Gonc-alves 7712, CEP 91540-000, Porto Alegre, RS, Brazila r t i c l e i n f o
Article history:
Received 29 May 2012
Received in revised form
14 August 2012






Weight13 & 2012 Elsevier B.V.
x.doi.org/10.1016/j.livsci.2012.08.011
esponding author. Tel.: þ55 513 308 8043; fax:
ail address: fpbortol@ufrgs.br (F.P. Bortolozzo
Open access under the Ela b s t r a c t
Cross-fostering is the transference of piglets to equalise litter size according to the birth
weight. In many commercial farms piglets are usually grouped in litters with 100% adopted
piglets. The aim of the experiment was to assess the behaviour of piglets during the
suckling period as well as to assess their performance and mortality rate up to weaning
in litters with different composition in terms of adopted and biological piglets. Three
treatments were studied: 100B (100% biological piglets, n¼13), 50B50A (50% biological
piglets and 50% adopted piglets, n¼13) and 100A (100% adopted piglets, n¼13). All litters
were standardised to eleven piglets on average within 20.170.4 h (14.3–24.7 h) of birth.
The behaviour of piglets was recorded during four consecutive sucklings for four days (days
1, 2, 4 and 6 after farrowing, considering day 1 as the cross-fostering day). The observations
were performed at two time periods: TP1 (from release of piglets out of creep box until
milk letdown) and TP2 (from the end of milk letdown up to 15 min later). Piglets were
weighed at days 1, 4, 7, 10, 13 and 16. There were no differences (P40.05) among the
treatments in the following behavioural variables: percentage of missed nursing episodes;
number of ﬁghts for teats and percentage of piglets involved in ﬁghts at TP1; percentage of
piglets vocalising at TP1 and at TP2; number of ﬁghts per piglet elsewhere in the cage and
percentage of piglets involved in these ﬁghts; number of instances of playful behaviour per
piglet and percentage of piglets involved in it. At TP2 of day 1, 100B piglets displayed a
lower number (Po0.05) of ﬁghts for teat (0.9 vs. 1.6 vs. 1.4 for 100B, 100A and 50B50A,
respectively) and tended to have a lower percentage (Po0.07) of piglets involved in these
ﬁghts than 100A (49.6%, 67.2% and 64.9% for 100B, 100A and 50B50A, respectively).
Nutritive nursing episodes (overall medians of 4.0, 3.0, 4.0 and 4.0 for days 1, 2, 4 and 6,
respectively), survival rate (overall 97.2%) and average weight of piglets (1983 g, 2650 g,
3411 g, 4207 g and 5047 g for days 4, 7, 10, 13 and 16, respectively) were similar (P40.05)
among treatments. Cross-fostering performed on average at 20 h after birth has no adverse
effects on survival and growth performance of adopted piglets.
& 2012 Elsevier B.V. Open access under the Elsevier OA license.þ55 513 308 6132.
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The increased sow proliﬁcacy, observed with advances in
genetic improvement, is associated with a large variability in
birth weight and a higher pre-weaning piglet mortality rate
(Alonso-Spilsbury et al., 2007; Milligan et al., 2001; Quiniou
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such as cross-fostering to reduce the detrimental effect of low
birth weight on pre-weaning survival.
Cross-fostering is the transference of piglets to equalise
litter size according to birth weight, aiming at a reduction in
pre-weaning mortality (Robert and Martineau, 2001; Straw
et al., 1998). The higher immunoglobulin absorption takes
place until 12 h after the farrowing and a loss in gut
permeability occurs 24 and 36 h afterwards (Lecce et al.,
1961; Lanza et al., 1995). Cross-fostering should be per-
formed between 12 and 24 h after farrowing, before teat
order has been established, so piglets could absorb the
maximum of colostrum immunoglobulins and lymphocytes
from their genetic dams (Bandrick et al., 2008, 2011; Pieters
et al., 2008; Robert and Martineau, 2001; Straw et al., 1998).
Continuous cross-fostering throughout lactation is
intended to decrease body weight variation within litters
(Rzasa et al., 2002), but it can be stressful for both piglets
and sows. Moreover, it can have detrimental effects on
piglets’ behaviour without improving body weight at wean-
ing (Horrell and Bennett, 1981; Milligan et al., 2001; Neal
and Irvin, 1991; Price et al., 1994; Robert and Martineau,
2001). Also, infection hazard and pre-weaning mortality
rate may increase as piglets are exposed to an environment
with pathogenic agents against which they may not have
any adequate protection (Wills et al., 1997).
In commercial farms, piglets are cross-fostered for
many reasons: (1) too many piglets born alive and the
surplus ones are fostered to create new litter groups; (2)
small and weak piglets are grouped in eight or ten
together onto a sow with good teat access to increase
their survivability; (3) savaging—if a gilt or sow does not
respond to sedation it is necessary to foster the whole
litter; (4) death of a sow at farrowing—it is necessary to
foster the whole litter. The aim of the experiment was to
assess the behaviour of good birth weight (1065–1940 g)
and vigour score piglets during the suckling period as well
as to assess their performance and survival rate up to
weaning in litters with different composition in terms of
adopted and biological piglets.
2. Materials and methods
All experimental procedures described in this experi-
ment were conducted under experimental licence (Project
number 18327) from the Institutional Animal Care and
Use Committee (COMPESQ-FAVET-UFRGS).
2.1. Animals and treatments
This experiment was carried out on a commercial
swine unit of 2900 sows in south of Brazil, Santa Catarina
state and involved 39 sows of parity ﬁve (Agroceres PICs
genetics, C23) with at least 12 functional teats.
The sows were housed in cages during the gestation
period and approximately one week before estimated
farrowing date, they were moved into the farrowing
house and individually housed in pens until weaning.
The farrowing house consisted of 32 pens (2.2 m2.4 m)
per room and curtains at the lateral walls to manage the
temperature of the room. The observations took place inseven rooms during the whole experiment—one room per
week. The farrowing pen had a crate in its centre, with
slatted plastic ﬂoor and a creep box in front of the crate.
The creep box contained heat lamps and an opening to
permit the piglets’ entrance and exit. Piglets could access
both spaces situated at sides of the crate (inaccessible to
the sow). Temperature control was based on the curtain
management. The average temperature of farrowing
houses was 23.4 1C (26.3 and 21.6 1C for average max-
imum and minimum temperature, respectively) whereas
the average temperature of the creep box was 27.6 1C
(30.2 and 25.5 1C for average maximum and minimum
temperature, respectively).
The farrowings were induced by prostaglandin admin-
istration on days 113–114 of gestation and they were
attended. Farm management was performed equally for
the three treatments. Sows received speciﬁc amounts of
feed in the following quantities: 3 kg/d of pre-lactation
diet (3153 kcal/kg ME, 17% CP and 0.9% lysine) until the
predicted date of farrowing. They were fed twice a day.
On the predicted date of farrowing 1.0 kg of pre-lactation
diet was provided per sow. Sows received 1.0 kg of
lactation diet (3330 kcal/kg ME, 19.4% CP and 1.1% lysine)
on the ﬁrst day after farrowing, and then the feed supply
was increased to 4 kg on the third day. Afterward, sows
were fed nearly ad libitum with three equal meals
provided at 08:00, 14:00 and 20:00 h. Creep feed was
offered to piglets from six days after birth until weaning
(3450 kcal/kg ME, 20.8% CP and 1.45% lysine). Both sows
and piglets had ad libitum access to drinking water.
The piglets were cross-fostered 20.170.4 h (14.3–24.7 h)
after farrowing. Litter size was adjusted to 11 piglets per sow,
with a birth vigour score 1. Birth vigour was subjectively
scored in a scale from 1 to 4, with 1 being strongest (i.e., score
1: freedom to move around the pen, to ﬁnd the creep box
and to suckle effectively) and 4 being the weakest piglets
(Neal and Irvin, 1991). At cross-fostering piglets were indivi-
dually weighed (average: 1454.9711.9 g; range of 1065–
1940 g), ear-tagged and allocated into three treatments (13
litters per treatment): 100B (100% biological piglets), 50B50A
(50% biological piglets and 50% adopted piglets) and 100A
(100% adopted piglets). A uniform distribution of piglets into
the treatments was performed according to birth weight and
gender. In 50B50A treatment, six and ﬁve female piglets were
alternately distributed so that by the end there was almost
the same number of biological (n¼71) and adopted (n¼72)
female piglets. Adopted piglets were all issued from ﬁfth
parity non-experimental sows, one or two donors being used
for each fostering mother in 50B50A treatment and two or
three donors for each fostering mother in 100A treatment.
In 100B treatment, the surplus piglets were removed, when
necessary, and fostered to non-experimental sows.
2.2. Measurements
2.2.1. Behavioural observations
In order to evaluate the behaviour of piglets during
nursing, four consecutive nursings were evaluated by
direct visual observation over four days (days 1, 2, 4 and
6 after farrowing, considering day 1 as the cross-fostering
day). During six weeks, six sows (two sows per treatment)
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on the seventh week, the last three sows (one sow per
treatment) and their litters were evaluated (total of 39
sows). All evaluations were performed by a single person
who has undergone previous training and assessed a litter
at a time. Piglets were marked with sequential numbers
on their back with a commercial livestock-marking pen
for better identiﬁcation during the observation period.
These markings were renewed during the evaluation
periods. This number remained the same for each piglet
in every assessment and the identity of adopted and
biological was made clear by different ear-tag colour. At
the beginning of each assessment, piglets were released
from the creep box; at the end of evaluation, the piglets
were held in the creep box for 50 min until next assess-
ment, to make sure they would not suckle between
successive evaluations.
The observation period was divided into two time
periods: time period 1 (TP1—from release of piglets out
of the creep box until milk letdown) and time period 2
(TP2—from the end of milk letdown up to 15 min later).
The pre-ejection milk massaging phase and milk letdown,
whose duration is respectively 1–3 min (Algers and
Jensen, 1985; Algers, 1993; Algers and Uvna¨s-Moberg,
2007; Fraser, 1980), and 10–20 s (Algers and Uvna¨s-
Moberg, 2007; Ellendorff et al., 1982; Fraser, 1980) were
covered by TP1. Post letdown milk massaging phase was
extended to 15 min afterward (Jensen et al., 1998), being
covered by TP2.
The following variables were recorded during TP1:
number of ﬁghts for teats, percentage of piglets involved
in ﬁghts for teats, percentage of piglets vocalising, per-
centage of missed nursing episodes and number of nutri-
tive sow nursings. The variables recorded during TP2 were
the following: number of ﬁghts for teats, number of ﬁghts
elsewhere in the cage, percentage of piglets involved in
these ﬁghts, percentage of piglets vocalising, number of
instances of playful behaviour and percentage of piglets
involved in playful behaviour. Even in cases of non-
nutritive nursings (without milk letdown), piglets were
evaluated (vocalising, playful behaviour and ﬁghts else-
where in the cage) for 15 min at TP2, and after this period
piglets were kept in the creep box. The deﬁnition of the
speciﬁc behaviour evaluated at TP1 and TP2 is described
in Table 1.
2.2.2. Growth performance
Piglets were individually weighed at days 1 (cross-
fostering day), 4, 7, 10, 13 and 16 after farrowing. Piglets
were weaned at day 16 after farrowing.
2.3. Statistical analysis
For all statistical analyses the Statistical Analysis
System software, version 9.1.3, was used (SAS Institute
Inc., 2005). All variables were analysed using litters as
experimental units. The analyses were carried out taking
into account the original treatments (100A, 100B and
50A50B) but other comparisons were also performed:
50A50B piglets, and biological (50B, 100B) adopted(50A, 100A) piglets. Data are presented as means7stan-
dard error of mean unless stated otherwise.
Number of ﬁghts for teat, number of ﬁghts elsewhere
in the cage, and number of instances of playful behaviour
were expressed as the observed number of these events
divided by the number of piglets in each litter. Vocalisa-
tion and also the involvement in ﬁghts or playful beha-
viour were expressed as percentages over the total of
piglets per litter showing this particular behaviour.
All data were tested for normality by the Shapiro-Wilk
test. Because they showed a non-normal distribution, the
number of ﬁghts per piglet was transformed by logarithm
(Xþ1) whereas the percentage of missed nursing epi-
sodes, and the percentage of piglets involved in ﬁghts for
teats were submitted to arcsine square root transforma-
tion before being analysed by the GLM procedure. Values
for these variables are, however, presented as mean-
s7standard errors of non-transformed data.
Even when submitted to the recommended transforma-
tions (Steel and Torrie, 1980), some variables failed to follow
a normal distribution: number of nutritive nursing episodes,
percentage of vocalising piglets, number of playful behaviour
instances and percentage of piglets involved in playful
behaviour, number of ﬁghts and percentage of piglets
involved in ﬁghts elsewhere in the cage, and survival rate.
These variables were thus submitted to non parametric
analysis using the NPAR1WAY procedure and values are
presented as medians. In these cases, treatments were
compared by the Kruskal–Wallis test.
Piglet weight was analysed as repeated measures by
the MIXED procedure, with ﬁxed effect of litter type, time
period of evaluation and interaction between these two
factors. Birth weight was maintained as a covariate in the
model of analysis. LSmeans were compared by the Tukey
test and differences were considered as signiﬁcant at
Po0.05 or as trends for P-values between 0.05 and 0.10.3. Results
Nutritive nursing episodes were similar (P40.05) among
the treatments (overall medians of 4.0, 3.0, 4.0 and 4.0 for
days 1, 2, 4 and 6, respectively) during the four consecutive
evaluated nursing days. Only two sows (5.1%) were aggres-
sive with their piglets (sow snapping—making a sudden,
rapid biting movement toward the piglet) and only in the
ﬁrst nursing episode after cross-fostering, one sow from the
100A treatment (four piglets involved) and another from
50B50A (two biological piglets and one adopted involved).
Percentage of missed nursing episodes was not different
(P40.05) among treatments (overall means of 26.872.06%,
16.971.99%, 6.071.17% and 3.670.97% at days 1, 2, 4 and
6, respectively). However, when piglets of 50B50A treatment
were analysed separately, adopted piglets (50A) lost more
nursing episodes (Po0.05) at day 1 (34.573.7% vs.
24.872.9%) than the biological ones (50B).
There were no differences (P40.05) in the number of
ﬁghts for teats (0.5470.07, 0.3470.03, 0.1370.02 and
0.1070.02 ﬁghts per piglet at days 1, 2, 4 and 6,
respectively) and in percentage of piglets involved in
ﬁghts for teats (46.272.71%, 34.972.08%, 16.072.04%
Table 1
Deﬁnition of behaviour observed on pre and post milk letdown time periods.
Category Deﬁnition
Milk letdown The moment when piglets changed from slow jaw movements to faster ones and continued intensive suckling for about 15 s
Nutritive
nursing
Piglets suckling intensively for about 15 s without interspersing teat massage or moving around. The beginning of nursing was
considered when more than half of the piglets were actively manipulating the udder. The ﬁnishing of nursing was established when
more than half of the litter had left the udder or was inactive next to it
Fight An aggressive behaviour, an attack (including head knocks and biting), a displacement event with physical contact or any shoulder
knock at teat or anywhere on the cage. The beginning of a ﬁght was considered when one piglet attacked another one for at least 3 s.
The end of a ﬁght was established when piglets remained separated for at least 3 s
Playful
behaviour
When two piglets interacted sociably, without aggression; a new playful episode was considered when repeated after 30 s
Adapted from Fraser (1980), Whatson and Bertram (1980), Petersen and Vestergaard (1989), Wiegand et al. (1994), Erhard et al. (1997), Wattanakul et al.
(1998), Milligan et al. (2001) and Robert and Martineau (2001).
Table 2
Number of ﬁghts for teats and percentage of piglets involved in these ﬁghts during 15 min after milk ejection (time period—TP2) in four consecutive
nursing episodes at day 1 (D1), day 2 (D2), day 4 (D4) and day 6 (D6).
Variables 100A1 100B1 50B50A1
Number of ﬁghts per piglet for teats2—D1 1.670.2a 0.970.2b 1.470.1a
Number of ﬁghts per piglet for teats2—D2 0.770.2e,f 0.570.06f 0.970.2e
Number of ﬁghts per piglet for teats2—D4 0.470.1 0.270.5 0.370.07
Number of ﬁghts per piglet for teats2—D6 0.270.06 0.270.05 0.370.08
Piglets involved in ﬁghts for teats2 (%)—D1 67.274.0c 49.677.6d 64.974.0c,d
Piglets involved in ﬁghts for teats2 (%)—D2 37.875.1 32.573.3 40.672.9
Piglets involved in ﬁghts for teats2 (%)—D4 22.074.4 25.073.1 26.174.6
Piglets involved in ﬁghts for teats2 (%)—D6 19.075.3 22.374.8 25.474.8
Values correspond to LSmeans7SEM of non-transformed data. a,b Differ (Po0.05); c,d tend to differ (Po0.07); e,f tend to differ (Po0.09).
1 100B: 100% biological piglets; 50B50A: 50% biological piglets and 50% adopted piglets; 100A: 100% adopted piglets.
2 Taking into account the nutritive nursing episodes.
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At TP2 of day 1, the number of ﬁghts for teats was lower
(Po0.05) in 100B treatment than in 50B50A and 100A
treatments and the percentage of piglets involved in these
ﬁghts tended to be lower (Po0.07) in 100B compared to
100A treatment (Table 2). The number of ﬁghts for teats
tended to be lower (Po0.09) in 100B than in 50B50A
treatment, at TP2 of day 2 (Table 2). When all the
biological piglets (100B, 50B) were compared to adopted
piglets (100A, 50A), a lower number of ﬁghts (Po0.05) at
TP2 of day 1 was observed in biological than in adopted
piglets (1.5970.13 vs. 1.2070.12). On day 1 of TP2
piglets did not ﬁght elsewhere in the cage. For the other
three days of observation, the number of ﬁghts elsewhere
in the cage (overall medians of 0.0, 0.02 and 0.04 for days
2, 4 and 6, respectively) and percentage of piglets
involved in these ﬁghts (overall medians of 0.0%, 4.6%
and 9.1% for days 2, 4 and 6, respectively) did not differ
(P40.05) among the treatments.
There were no differences (P40.05) in percentages of
piglets vocalising at TP1 (overall medians of 4.5%, 2.3%,
0.0% and 2.3% at days 1, 2, 4 and 6, respectively) or at TP2
(overall medians of 3.0%, 2.3%, 0.0% and 0.0% at days 1, 2, 4
and 6, respectively). The number of playful behaviour
instances (overall medians of 0.0, 0.07, 0.36 and 0.45 at
days 1, 2, 4 and 6, respectively) and percentage of piglets
involved in playful behaviour (overall medians of 0.0%,
9.1%, 34.1% and 40.0% at days 1, 2, 4 and 6, respectively),
at TP2, were similar (P40.05) among treatments.Weight of piglets on the cross-fostering day was not
different (P40.05) among treatments (1452724 g,
1462725 g and 1452713 g for 100A, 100B and 50B50A
treatments, respectively). There was no effect of interac-
tion between treatments and time periods of weighing
(P40.05) on weight of piglets during the nursing period.
Differences in piglet weight were observed among all the
time periods of weighing but no differences were
observed among treatments (Table 3). Compared sepa-
rately, 50B and 50A piglets that suckled the same dam
showed similar (P40.05) weight at weaning (5174 vs.
5058 g). Also, when all biological piglets (100B, 50B) were
grouped, there was no difference (P40.05) in weaning
weight (5137 g vs. 4987 g) compared to adopted piglets
(100A, 50A). Overall survival rate was 97.270.76% with-
out difference (P40.05) among treatments.
4. Discussion
Sows recognise their own piglets by olfactory cues
(Algers and Uvna¨s-Moberg, 2007), and may accept, reject
or even kill alien piglets. Although sows can accept alien
offspring quite well (Dellmeier and Friend, 1991), they are
more aggressive toward fostered piglets than their own
offspring when cross-fostering is performed all through
the lactation (Horrell and Bennett, 1981; Price et al.,
1994), except for the ﬁrst day after farrowing (Robert
and Martineau, 2001). Indeed, more females can be
aggressive toward fostered piglets if they are two or more
Table 3
Weight (g) of biological and cross-fostered piglets (LSmeans7SEM).
Weight (g) 100A1 100B1 50B50A1 Mean
Number of litters 13 13 13
Day 4 1971734 2016734 1961734 1983720a
Day 7 2597756 2700756 2653756 2650733b
Day 10 3341780 3483780 3409780 3411746c
Day 13 4090799 4285799 4245799 4207757d
Day 16 49007115 51137115 51297115 5047766e
Mean 3380774 3519774 3479774
There were no signiﬁcant differences (P40.10) among treatments.
Different letters in the column indicate differences among days (Po0.05).
1 100B: 100% biological piglets; 50B50A: 50% biological piglets and 50% adopted piglets; 100A: 100% adopted piglets.
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(66.7% vs. 16.7%) after farrowing (Price et al., 1994). In the
present study, the aggressiveness of females toward the
piglets involved only 5.1% of females and 1.6% (7/429) of
piglets, and none of them were injured. This low aggres-
siveness is probably explained by cross-fostering being
performed on average at 20 h after farrowing, which is
consistent with results of previous studies (Dellmeier and
Friend, 1991; Robert and Martineau, 2001) in which
piglets were cross-fostered until 48 h after farrowing.
Furthermore, the small number of dam attacks can also
be explained by the fact that older females, as those used
in this study, may be more experienced and adapt more
easily to adopted piglets. According to Broom (1983),
previous experience of the sow contributes to the reduc-
tion of attacks to piglets.
Similar number of nutritive nursing episodes among
the treatments demonstrates that mothers can quickly
adapt to a new litter as long as cross-fostering occurs
early after birth. It has been shown, through direct visual
observation for two hours after cross-fostering or by video
recording during the ﬁrst 15 h following adoption, that
the number of nutritive nursings is not inﬂuenced by the
fact that suckling piglets are biological or adopted unless
piglets are cross-fostered throughout lactation (Robert
and Martineau, 2001).
The absence of difference in the percentage of missed
nursing episodes among adopted and biological litters is
in agreement with results of Price et al. (1994) who
performed cross-fostering until 48 h after farrowing. This
result is probably due to the fact that most piglets have
not yet deﬁned their teat order at the time of cross-
fostering, which results in less ﬁghting and, consequently,
in less failed nursing episodes. In the study of Deen and
Bilkei (2004), litter type and litter size affected the
percentage of missed nursing episodes. Low-birthweight
piglets (0.9–1.0 kg) missed more nursing episodes when
raised in large (12 piglets) than in small litters (8 piglets)
together with average-birthweight (1.2–1.6 kg) or high-
birthweight (41.6 kg) piglets. A stable teat order among
piglets in a litter is developed within the ﬁrst week after
birth (de Passille´ et al., 1988a, 1988b; Orihuela and
Solano, 1995) to ensure that all piglets have access to a
functional teat, avoiding ﬁghting for teats and the occur-
rence of missed nursing episodes (de Passille´ et al., 1988a;
de Passille´ and Rushen, 1989).Despite the fact that behaviour immediately after
cross-fostering did not differ among 50B and 50A piglets,
foster piglets are expected to ﬁnd their new environment
strange. Generally, fostered piglets spend a long time
wandering around the cage and vocalising in the ﬁrst
two to six hours after being mixed and huddled together,
apart from the residents and consequently they lose some
nursing episodes (Horrell and Bennett, 1981; Neal and
Irvin, 1991; Robert and Martineau, 2001; Straw et al.,
1998). Indeed, there were more missed nursing episodes
in 50A than in 50B piglets on the cross-fostering day,
although their performance up to weaning was not
affected. Horrell and Bennett (1981) observed slower
growth when multiple piglets had preference for the
same teat. However, McBride (1963) noted that a loss of
a preferred teat at a few hours of age is not as serious as a
loss of a preferred teat at about twenty-four hours of age.
The fact that adopted piglets did not vocalise more
than biological ones, both before and after milk letdown,
is probably related to the fact of being transferred within
24 h after farrowing. Although piglets have the ability to
identify their mother’s odours as early as 12 h of life
(Morrow-Tesch and McGlone, 1990), no increase in voca-
lisation was also observed when cross-fostering occurred
within 26 h after farrowing (Price et al., 1994; Robert and
Martineau, 2001).
Biological and adopted piglets showed a similar
engagement in ﬁghts before milk letdown corroborating
with the observation that the number of ﬁghts for teats
before milk letdown is not affected in litters cross-
fostered on average at 26 h after farrowing (Robert and
Martineau, 2001). On the other hand, more ﬁghts were
observed among fostered piglets compared to control
piglets when cross-fostering was carried out after they
were two days old (Horrell, 1982). The fact that cross-
fostering was performed before piglets had deﬁned their
teat order and the fact that the number of piglets was less
than the number of teats, could explain the lack of
increase in ﬁghts for teats in the current study. According
to Deen and Bilkei (2004), the size of the litter affects the
time spent in ﬁghts for teats. Low-birthweight piglets
(0.9–1.0 kg) suckling in large litters (12 piglets) spent
more time in ﬁghts for teats than high-birthweight
(41.6 kg) and average-birthweight (1.2–1.59 kg) piglets.
After milk letdown, piglets resume massaging at udder
for 15 min until no extra milk can be withdrawn
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with stimulation for future milk production (Algers and
Jensen, 1985, 1991) and to serve to scent-mark speciﬁc
teats, improving teat order establishment (McBride, 1963).
No difference in the number of ﬁghts for teats after milk
letdown among fostered and control litters is reported by
Robert and Martineau (2001), but occurrence of ﬁghts was
evaluated only at one successful nursing period 24 h after
cross-fostering. In the present study, four consecutive nur-
sings were evaluated and fewer ﬁghts for teats were
observed in biological piglets only after milk letdown on
the ﬁrst day of evaluation. Biological piglets are likely
already familiar with the environment, their dam and their
littermates, in contrast to the adopted piglets of which at
least 50% of piglets were not familiar with one another.
Because most piglets had probably not yet deﬁned their
speciﬁc teat, they had to rub and massage the teat they had
chosen, as a marker signal. Piglets usually rub different teats
before they decide their speciﬁc teat and if they ﬁnd a teat
already taken by any other piglet, ﬁghts for it can occur
(Hartsock and Graves, 1976). However, the lower teat
ﬁdelity of piglets sucking at unfamiliar sows (Puppe and
Tuchscherer, 1995) perhaps explains the similar engage-
ment in ﬁghts of adopted and biological piglets before milk
letdown, and from the second day of life onwards after milk
letdown.
The results concerning the effect of cross-fostering on
growth performance are controversial. The similar weight
of biological and adopted piglets of this study is in
agreement with results of some studies (Bishop, 2011;
Milligan et al., 2001; Neal and Irvin, 1991), in which
piglets were cross-fostered until 48 h after farrowing.
Nevertheless, even with cross-fostering occurring within
24 h (Fix et al., 2010) or 36 h of birth (Stewart and
Diekman, 1989) cross-fostered piglets were lighter at
weaning than those nursed by their biological dams.
Piglets that frequently engage in ﬁghts at suckling miss
more nursings and gain less weight compared to piglets
that ﬁght seldom (de Passille´ et al., 1988a). The number of
ﬁghts for teats and the percentage of missed nursing
episodes were not different among the treatments, which
may explain their similar performance during lactation.
The similar survival rate of biological and adopted
litters is in agreement with Stewart and Diekman (1989)
who did not observe any difference in mortality between
fostered piglets and piglets raised on their own dam.
However, other authors have reported a tendency for
increasing pre-weaning survival (Bishop, 2011) or an
increase between 10% and 40% in pre-weaning survival
rate in cross-fostered litters (Arango et al., 2006;
Cecchinato et al., 2007; Marcatti Neto, 1986). The very
low mortality rate observed (on average 2.8%) in the
current study might be explained by both the high birth
vigour score and birth weight of piglets (on average
1455 g). Birth weight has been associated negatively with
mortality rate (Hartsock and Graves, 1976) and survival
rate did not increase in adopted piglets when the birth
score was similar among cross-fostered and biological
litters (Neal and Irvin, 1991). It is also possible that the
high parity sow composition (5th parity) used in this
study contributed to the low mortality of piglets.5. Conclusions
Cross-fostering performed soon after birth (within
24 h) does not adversely affect the behaviour of piglets
until milk letdown. Biological piglets ﬁght less after milk
letdown, but survival rate and growth performance are
not reduced in adopted piglets. Cross-fostered litters can
be composed of only adopted piglets since no prejudice
on behaviour during nursing, growth performance and
survival rate was observed in litters composed exclusively
of adopted piglets.Conﬂict of interest statement
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